Aims Eye injuries are the leading cause of monocular blindness in children and are challenging to manage. However, limited follow-up studies currently exist. We describe the clinical characteristics and outcomes of open globe injuries presenting to a major UK centre and discuss factors affecting long-term prognosis.
Introduction
Eye injuries are a leading cause of monocular blindness in children. [1] [2] [3] Children represent a disproportionate percentage of ocular trauma, with estimates of incidence varying between 29 and 35%. 2, 3 The majority of paediatric ocular trauma cases are due to sporting and recreational activities. 1, 4 Non-penetrating eye injuries account for three quarters of globe injuries in children. 1 However, open globe injuries may cause profound, irreversible trauma to intraocular structures resulting in an increased risk of visual morbidity. Overall, approximately 43% of penetrating eye trauma is reported to occur in individuals less than 18 years old. 5 De Juan et al 5 found that children less than 14 years accounted for 36% of all open globe injuries. Pieramici et al 6 reported an incidence of 19% of penetrating eye injuries in children.
The management of open globe injuries in children remains complex in spite of significant advances in surgical techniques. Initial evaluation is difficult due to an often unreliable and variable history, and poor cooperation during ocular examination. Such difficulties often persist during the follow-up period. In addition, postoperative amblyopia remains a difficult management problem.
The aim of our study was to identify the clinical characteristics and outcomes of a series of open globe injuries presenting to a major UK referral centre. We discuss factors affecting long-term prognosis.
Methods
Operating records obtained through a computerised database were used to identify all patients aged 16 years and below, who had undergone repair of an open globe injury from 1 January 1998 to 1 January 2003 at the Manchester Royal Eye Hospital. Case records were reviewed to determine demographic data, including patient age and sex, the mechanisms of ocular injury, and where the injury occurred. The injuries were classified as sharp or blunt. The results of the initial clinical evaluation recorded included best-corrected Snellen visual acuity (BCVA) on presentation, the presence or absence of a relative afferent pupil defect (RAPD), the presence or absence of a red reflex, the presence of anterior segment damage (corneal and/or scleral laceration(s), chemosis, hyphaema, cataract, traumatic mydriasis, an irregular pupil, and iris prolapse), and the presence of posterior segment damage (vitreous haemorrhage, retinal haemorrhage, choroidal rupture or haemorrhage, retinal detachment, and presence of an intraocular foreign body). Surgical procedures, intraoperative and postoperative complications, length of follow-up, and final BCVA were also recorded. Results were statistically analysed using the Fisher's exact test from the statistical program StatsDirect (version 2.6.2, UK).
Results
A total of 20 cases of open globe injuries in children 16 years or below were identified. All 20 hospital case records were available for review (see Table 1 for a summary of the data). The study group comprised of 17 male subjects and 3 female subjects. The average age of the patients was 9.8 years (range: 1-15 years). The average follow-up was 16.3 months, median 11.5 months (range: 3-48 months). Of these, one patient was lost to follow-up after 7 months.
Sharp objects caused the majority of the ocular injuries accounting for 13 (65%) cases. These were mainly knife (three cases) or glass (three cases) injuries. The remaining cases included dart (one case), slate (one case), pen/ pencil (two cases) or stick/metal bar (two cases) injuries. Six (30%) of the injuries were due to blunt trauma. Three were a result of ball-bearing (BB) gun injuries, one due to the blunt end of a pencil, one secondary to a metal toy and the final case was due to collision with a road sign. In one case, the cause of injury was unknown.
Eyes with a good preoperative VA tended to have a better final VA, although just outside statistical significance (P ¼ 0.09). From our results, five (25%) cases had a final BCVA of 6/60 or worse. In all of these cases, presenting BCVA was also 6/60 or worse. In five cases, the initial VA was unknown. 
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Anterior segment pathology was frequently present. These features are summarised in Table 2 . A total of 19 cases had corneal/scleral laceration. Six patients had chemosis on initial presentation and 10 patients suffered a hyphaema, 7 partial and 3 total. Iris prolapse was present in 15 cases. Lens abnormalities were present in nine cases. Four underwent lens removal, of which two remained aphakic and the remaining two had IOL insertion. All cases with a cataract present at initial presentation resulted in a final VA of worse than 6/60 (P ¼ 0.03) ( Table 2) .
Eight children had no red reflex present at the time of initial examination. The absence of a red reflex at initial examination correlated significantly with a poor final VA (Po0.01). Two cases had retinal detachment, four cases had vitreous haemorrhage and a further four cases had choroidal haemorrhage/rupture. Two cases are presented with intraocular foreign bodies.
The presence of a relative afferent pupillary defect was noted in five cases, although not documented in nine cases. The presence of a relative afferent papillary defect was associated with a poorer visual outcome, although marginally outside statistical significance (P ¼ 0.07). Of the five cases with an RAPD present at initial examination, four cases achieved a final BCVA 6/60 or worse. Of the six cases that did not have an RAPD presentation, only one case resulted in a vision of 6/60 or worse. Five cases achieved a BCVA better than 6/60 and two cases achieving VA at 6/12 or better. The resulting VA is shown in the Table 3 .
Younger patients appeared to have worse visual outcomes from our results (P ¼ 0.06). All four children aged 5 years or below had a visual outcome of worse than 6/12, whereas nine children over 5 years achieved a vision of 6/12 or better.
From the six cases resulting in a final VA of worse than 6/60, three cases had injuries caused by sharp objects and three cases had blunt injuries. However, 10 cases (77%) from the group with sharp injuries resulted in a final VA better than 6/36, 7 (54%) of which have a final VA of 6/12 or better. This compares to only three cases (50%) from the blunt injury group achieving a final VA of 6/36 or better, two (33.3%) of which achieved a VA of 6/12 or better. This result was not statistically significant (P ¼ 0.29).
Surgical repair was simple in 12 cases, 9 cases required complex repair. Simple repair was defined as one necessitating corneal and/or scleral suturing±anterior segment reformation. Complex repair was defined as that which warranted a more invasive repair of the globe, for example, lensectomy, vitrectomy, and retinal detachment repair. Patients who had simple surgical repair had better visual outcomes than those with complex repairs. This may reflect the severity of the injury or it may also be due to the extensive scarring and inflammation occurring postoperatively from more numerous procedures. Six cases with simple repair In total, three cases in our series underwent an enucleation. Two of these cases were due to BB gun injuries and one case was due to a sharp injury involving a piece of slate. Two cases had presenting VAs of perception of light and one no perception of light.
We found two cases of endophthalmitis from our results. Both cases had penetrating eye injury with sharp objects. The initial VA was poor (PL) in one case and was not recorded in the notes in the other case. Although treatment was aggressive, the vision did not improve. One case required an enucleation and the other had a final VA of only perception of light. There were no cases of sympathetic ophthalmitis in this series.
Discussion
Open globe injuries in children are often difficult to assess at the time of presentation and may lead to a poor visual outcome despite best efforts to treat quickly and aggressively.
A higher incidence of trauma in boys than girls is well recognised, ranging from 2.5:1-5:1. 4, 7, 8 We have shown a male predominance of 5.7:1. Our average age was 9.8 years, comparable to other similar case series. 4, 7 Rostomian et al 8 , however, reported a much younger average age of 5 years.
Sharp objects accounted for the majority of injuries in our study (65%). The sharp objects included objects, which are commonly found around the home or school, for example, knife, pen, glass, stick, slate, or dart. As children tend to spend the majority of their time in these locations, this factor may account for the predominance of sharp objects leading to open globe injuries in children. Although not statistically significant, there was a trend towards those with sharp injuries achieving a better final VA compared to those with blunt injuries.
Interestingly, Rahman et al 9 found sharp injuries to predominate and result in a better final visual outcome in adults. Others have recognised sharp injuries occurring more commonly in children and hold the view that those injuries have a better visual outcome compared to blunt injuries. 4, 7, 8 The influence of amblyogenic factors on final VA is difficult to assess due to the differences in injury type and the small sample size. All children aged 5 years or less had a final BCVA of less than 6/12 compared to 56% of those 6 years or over who achieved final VAs of better than 6/12 (P ¼ 0.06). These results suggest that amblyopia may have a role in the resulting poorer VA in the younger age groups. Rostomian et al 8 also noted children's age as being an additional risk factor in poor visual outcome. It is, therefore, extremely important that young children who undergo a repair of an open globe injury are followed up very closely. Aggressive treatment of presumed amblyopia and correction of amblyogenic factors, such as refractive error may improve visual outcome even in children with more severe injuries. It is vital that the child and their families are appropriately counselled and are involved in the often difficult and prolonged treatment of amblyopia. Longer term issues of poor vision need to be addressed to aid in the counselling process, such as future driving and employment restrictions.
It is interesting to note that all the cases with cataract at initial presentation had a poor final BCVA (P ¼ 0.03) and would be important to observe if the increasing trend of implantation of lenses in younger age groups improves final VA after open globe injuries in those with resulting lens opacities. Two patients underwent IOL insertion in our series following lens removal.
Initial signs associated with an unfavourable visual outcome include the child's age (P ¼ 0.06), initial VA (P ¼ 0.09), presence of an RAPD (P ¼ 0.07), no initial red reflex (Po0.01), cataract (P ¼ 0.03), and the type and number of surgeries performed (P ¼ 0.03) ( Table 2 ). These findings correlate well with the literature, 5-8,10,11 whereby retinal detachment, vitreous haemorrhage, wounds greater than 10 mm long, and hyphaema have also been associated with poor final VA. 7, 8, 11 Only two of our patients had a retinal detachment, the BCVA outcomes of which were 6/12 and HM.
There is a strong relationship between the absence of the red reflex and the final VA, (Po0.01). This finding has not been recorded in previous child-based reviews. The majority of cases without a red reflex also suffered a hyphaema (six out of eight cases). The absence of a red reflex could reflect the severity of the initial injury. This is a relatively straightforward assessment to perform when examining young children and can provide a basis for discussion with the parents with regard to the potential outcome of the eye. We, therefore, suggest that red reflex should be used, along with the other clinical signs mentioned, when examining children with globe injuries to provide an indication for the final visual outcome.
Open globe injuries in children continue to pose a considerable management challenge. In spite of the surgical and clinical developments, the visual potential in damaged eyes is often limited. Initial examination is often difficult as are subsequent follow-up examinations. The severity of the injury, postoperative VA, and visual potential are often difficult to assess. It is hoped that the clinical signs mentioned in this study will aid the clinician in examining and following up these children and also provide some clinical indicators towards the final prognosis.
Conclusion
Penetrating eye trauma remains a frequent and difficult problem. Limited initial assessment of children may prevent adequate prognosis and influence management plans. We have shown that a young age at presentation, poor initial VA, absence of a red reflex, and the presence of cataract significantly influence final outcome. These factors should therefore be assessed to guide treatment planning.
